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The thermal conductivities of solutions of sodium earboxymerhyl- 
cellulose (CMC), DNA, and albumin (myosin) have been measured 
at rest and at various shear rates, 

It is the c u r r e n t  view that in solving p rob lems  of 
heat t r a n s f e r  in non-Newtonian  l iquids,  the shear  
ra te  dependence of the thermal  conductivi ty,  as well 
as v iscos i ty ,  should be taken into account.  Various 
fo rms  of the law of va r i a t i on  of the rmal  conductivi ty 
have been proposed [1, 2]. However,  in our opinion 
the ques t ion  of whether the thermal  conductivi ty of 
non-Newtonian  Hquids does depend on the shear  ra te  
and whether this va r i a t ion  should be taken into ac-  
count in thermal  ca lcula t ions  is a debatable  one. 

There  a re  no exper imenta l  facts to conf i rm the 
a s sumpt ion  that the thermal  conductivi ty depends 
apprec iab ly  on shea r  ra te .  Nor a re  there  any physica l  
models  on the bas i s  of which impor tan t  changes in 
thermal  conduct ivi ty  might  be predicted.  There  are  
ind i rec t  data indicat ing that if the thermal  conductivi ty 
does va ry  in motion,  then the va r i a t ion  is only slight. 
Thus,  exper imen t s  on l a m i n a r  flow heat t r a n s f e r  are  
cons i s t en t  with the r e su l t s  of ca lcula t ions  us ing  the 
thermal  conduct ivi t ies  obtained for the steady liquid. 
As a rule ,  however,  h e a t - t r a n s f e r  exper iments  are  
not accura te  enough to se rve  as a bas i s  for defini t ive 
conclus ions .  

We have inves t iga ted  the thermal  conduct ivi t ies  
of a s e r i e s  of non-Newtonian  Hquids both at r e s t  and 
in motion.  Motion at shea r  r a tes  f rom 0 to 500 sec  -1 
was c rea ted  in the annu la r  gap between two coaxial 
cy l inders .  Fo r  l iquids with cons iderab le  v iscos i ty ,  
the heat r e l e a s e  due to d i ss ipa t ion  of mechanica l  
energy  was taken into account,  but for the liquids 
invest igated,  the cor responding  co r rec t ion  did not 
exceed 2%. The e r r o r  in m e a s u r i n g  the thermal  con-  
duct ivi ty was about 5%. 

The opera t ion  of the i n s t r u m e n t  was f i r s t  tes ted 
on water  and w a t e r - g l y c e r i n  solut ions (Fig. 1). We 
then m e a s u r e d  the thermal  conduct ivi t ies  of solut ions 
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Fig. 2. Thermal  eonduetivity of a 1.25% aqueous 
solution of Na CMC (a) and a 3% aqueous solu- 
t i o n o f  Na CMC (b). ~ i n W / m "  deg, D i n s e c  -1 

of sodium carboxymethylce l lu lose  (CMC) at var ious  
concent ra t ions  and weak solut ions of DNA and a lbumin  
(myosin).  

Some of the r e su l t s  a re  p resen ted  in Figs .  2 and 
3. In a number  of cases  we detected a s l ight  i nc r ea se  
in the rmal  conductivi ty,  somewhat  exceeding the 
exper imenta l  e r r o r  (1.25% CMC solution,  0.3% a lbu-  
m i n  solution).  F o r  some liquids (3% CMC solution),  
these va r i a t ions  are  typical only of ve ry  low shear  
r a t e s ,  beyond which a fu r the r  i n c r e a s e  has no effect 
on thermal  conductivi ty.  The s a m e  r e su l t s  were 
obtained for i n c r e a s i n g  and dec rea s ing  shear  r a t e s .  

Thus, for the Hquids invest igated,  the shear  r a t e  
dependence of the thermal  conductivi ty,  if it  exis ts  
at all ,  is so s l ight  that its effect on the h e a t - t r a n s f e r  
p rocess  can be neglected.  Nonetheless ,  a more  de-  
ta i led study of this effect may  be of i n t e r e s t  in con-  
nect ion with the inves t iga t ion  of s t r u c t u r e  and t r a n s -  
por t  phenomena in solut ions of h igh -molecu la r -we igh t  
compounds.  
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Fig. I. Thermal conductivity of a 

50~ water-glycerin solution. 2, in 

WJm �9 deg, D in see -~. 

0.6 ~.--o----~ 

�9 o 50 leo D 

Fig.  3. T h e r m a l  conduct ivi ty  of 
a 0.02% aqueous so lu t ion  of DNA. 

X i n W / m .  deg, D in sec -1.  
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NOTATION 

X is the t he rma l  conduct ivi ty;  D is the s h e a r  r a t e .  
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